To study long-term urinary and sexual function, and cosmetic outcomes in adult patients who underwent single-stage transverse preputial island tube (TPIT) for proximal hypospadias repair in childhood. Long-term data on outcomes of patients with proximal hypospadias with severe coexisting curvature and insufficient urethral plate are scarce, but are necessary to decide which repair technique is most beneficial.
Introduction
Patients with proximal hypospadias, especially when accompanied by severe ventral curvature, are a challenging group of hypospadias. Reconstruction of a proximal hypospadias is associated with high complication and reintervention rates [1] [2] [3] [4] [5] . Although various techniques have been proposed as the 'ideal repair' in proximal hypospadias, none has proven superior [5, 6] . For these patients, the choice of a suitable technique partly depends on the quality of the urethral plate and on the presence of a ventral curvature. Although preservation of the urethral plate potentially lowers complication rates, this is not always possible when, e.g., the urethral plate has to be transected to correct a severe ventral chordee [1, 7, 8] . Some paediatric urologists prefer a two-stage technique in these patients with hypospadias, whereas others prefer a single-stage technique [9, 10] . In our institute, a onestage TPIT has always been used when the urethral plate has needed to be transected; this TPIT was introduced by Asopa et al. [11] , but popularised by Duckett [12] .
The goals of hypospadias repair are a laminar urinary stream, normal sexual function with a straight penis in erection, and a normal penile appearance. To effectively assess the outcomes of a repair technique, long-term evaluation is mandatory [3, 5, 13] . We hypothesised that the long-term outcomes for patients with proximal hypospadias who underwent TPIT would be less satisfactory compared to longterm outcomes in patients operated for distal hypospadias. The present study evaluated the long-term post-pubertal outcomes of TPIT repair regarding complication rate, urinary function, sexual function and cosmesis in patients with hypospadias operated upon in childhood.
Patients and Methods
This study was approved by the Local Ethics Committee (07/203). All participants provided informed consent.
Study Population
Adult patients with hypospadias, operated upon in childhood between 1987 and 1993 for primary hypospadias, were invited to participate in our long-term follow-up study (described previously) [14] . Patients with incorrect contact details were excluded from analysis. Only patients who had their primary hypospadias repair were included, because it was impossible to trace baseline characteristics (initial hypospadias, repair technique used, age of first surgery etc.) of patients operated previously in other hospitals. An investigator, who was not part of the paediatric surgical team, recruited the patients, asked for informed consent, and performed the measurements and cosmetic assessment. Baseline characteristics of included patients were extracted from the medical charts: hypospadias subtype using the Barcat classification, repair technique used (TPIT or other techniques), ventral curvature, preoperative testosterone treatment, and postoperative complication rates. Complications requiring anaesthesia were scored as complications, including 'requests' to improve cosmetic penile aspects (e.g. circumcision or dog ears).
Ideally, the long-term outcomes would have been compared to patients with proximal hypospadias with a staged repair, but in our institution two-stage repairs were generally not done for primary proximal hypospadias. Therefore, a subset of patients with proximal hypospadias who underwent a TPIT procedure were analysed and compared to patients with distal hypospadias of the same hypospadias cohort and to a control group.
Patients with hypospadias were invited to complete a questionnaire on urinary function, sexual function and cosmesis. Urinary function was evaluated using the IPSS, and additional non-validated questions enquired about: spraying, urinary flow deviation (straight, slightly deviated, or severely deviated), post-void dribbling (never, sometimes, or always), presence of fistulae (none, distal penile, or proximal penile), and preferred voiding position (standing vs sitting) [15] .
Sexual function was assessed with the International Index of Erectile Function (IIEF-15) [16] , evaluating sexual activity in the past 4 weeks. Participants reporting no (attempted) intercourse in the previous 4 weeks before the questionnaire were excluded from the analysis. Sexual dysfunction was determined as a score <26 in the 'Erectile Function' domain, a score <13 in 'Intercourse Satisfaction' domain, or a score <9 in the remaining domains. Non-validated questions on ejaculatory function (dribbling/only by manual expression or with strength), sensitivity of the glans, and sexual milestones were added to the sexual questionnaire. The following nonvalidated questions were added to the questionnaire: 'Are you satisfied with the length of your penis?' -very dissatisfied (0 points) to very satisfied (4 points); 'Are you satisfied with the appearance of your penis?' -very dissatisfied (0 points) to very satisfied (10 points); 'Are you satisfied with the appearance of your body?' -very dissatisfied (0 points) to very satisfied (10 points); 'Are you embarrassed about your penile appearance?' -very embarrassed (0 points) to not embarrassed at all (10 points). Patients were also invited to perform uroflowmetry, using an UroDyn â 1000 (Medtronic Inc., Minneapolis, MN, USA) with a Thompson filter. Uroflowmetry patterns were analysed and a plateau-shaped curve at maximum urinary flow rate (Q max ) >5 s was defined as a plateau-shaped flow pattern. Cosmetic outcomes based on the Pediatric Penile Perception Score (PPPS) were scored, and stretched penile length was measured [17] .
Control Group
A control group of male medical students (all volunteers) was used to compare outcomes of urinary and sexual function; these students had no urological history. Their questionnaire contained the IPSS, the IIEF-15, and an additional question on satisfaction with penile length; they also performed uroflowmetry.
TPIT
The TPIT technique was used in all patients with hypospadias with a poor quality urethral plate, or with a long gap in the urethral plate after a severe chordee was resected. In case of severe curvature after chordectomy, dorsal plication sutures were placed to achieve a straight penis. The distance between the urethral orifice and glans was measured and this determined the length of the transverse preputial flap. The width of the flap was determined by the diameter of a 10-or 12-F tube. Vascularisation was carefully preserved during dissection of the flap. After bringing the flap ventrally, the neourethra was created by tabularising the inner prepuce around the 12-F tube and closing it with 6-0 polyglycolic acid sutures. Proximally, the neourethra was sutured to the urethral orifice using 5-0. Distally, the glanular wings were deeply incised and, at the top, a V-shaped incision was made 464 © 2018 The Authors BJU International © 2018 BJU International to create a slit-like meatus after closing the glans over the neourethra. An alternative was to tunnel the glans to size 16 F and pull the neourethra through. Suturing distally was done with 6-0 polyglycolic acid sutures. In selected cases, a doubleisland technique was used for skin coverage of the penile shaft; the outer preputial layer was used for skin coverage whereas the inner layer was used as urethra. All patients had an indwelling catheter for 7 days and a compressive dressing for 3 days.
Statistical Analysis
Baseline characteristics of responding and non-responding TPIT patients were compared, as were baseline characteristics of responding TPIT patients and patients with distal hypospadias. Outcomes of patients with a TPIT (TPIT Group) were compared to those of patients operated with distal hypospadias techniques (Distal Group) and to outcomes of the controls (Control Group). All analyses were done using the Statistical Package for the Social Sciences (SPSS â ) version 21.0 (SPSS Inc., IBM Corp., Armonk, NY, USA). Continuous data (age, number of postoperative complications, Q max , IIEF scores, visual analogue scale scores, and stretched penile length) were reported as median with interquartile range (IQR); analyses were performed with the Mann-Whitney U-test. Categorical data were stated in number/percentage of the total; these analyses were performed with Fisher's exact test. A P < 0.05 was considered statistically significant. Associations between baseline characteristics and outcomes were analysed with the Spearman rank correlation test.
Results
The patients included in this study are shown in Fig. 1 : 60/121 eligible patients (50%) participated by responding to the postal questionnaire and visiting the outpatient clinic of whom six were excluded ( Fig. 1 ). In the remaining 54, we identified 12 patients (22%) with proximal hypospadias operated with a TPIT (TPIT Group). Of the other 42 patients, 39 had distal hypospadias, and three had midshaft hypospadias; they underwent a Mathieu operation (32 patients), or either a MAGPI (meatal advancement and glanuloplasty) (10) . The Control Group comprised 148 medical students (median age 21.0 years) who completed the questionnaire; 135 of them performed uroflowmetry.
Baseline
Baseline characteristics of the responding vs the nonresponding TPIT patients are presented in Table 1 . Besides preoperative testosterone use, there were no differences in baseline characteristics. Of the 12 responding TPIT patients, perioperative meatal position after degloving and chordectomy was scrotal in four, penoscrotal in seven, and proximal penile in one. The indication for a primary TPIT was a deficient urethral plate, either in length or quality, after curvature correction. The median (IQR) meatalglandular distance covered by the TPIT was 4.0 (3.5-4.5) cm (Table 1) .
Baseline characteristics of the responding TPIT Group vs the responding Distal Group are presented in Table 2 . Of the TPIT Group, four of the 12 were successfully reconstructed with a single operation. TPIT patients with at least one complication needed a median of 2.0 additional surgeries. Compared to the Distal Group, TPIT patients more often had a ventral curvature correction (12/12 vs 58%), more often received preoperative testosterone (10/12 vs 31%), and developed complications earlier (median 8.2 vs 3.9 months). Postoperative complications occurred equally in the TPIT group (eight of the 12 patients) compared to the Distal Group (62%, P = 0.76; Table 3 ). Both recurrent curvatures occurred in the TPIT group 17 years after primary repair. Only in the TPIT group was there an association between the complication rate and preoperative testosterone therapy (q 0.6; P = 0.04), but this was not the case in the total hypospadias group.
Micturition
The median total IPSS score in the TPIT Group was similar to that in the Distal Group (Table 4 ). On uroflowmetry, TPIT patients had a lower Q max compared to the Control Group. A plateau-shaped curve was more often seen in TPIT patients, but was not associated with a higher IPSS (Table 4 ). In the TPIT group, IPSS and uroflowmetry outcomes were not associated with documented complications in the medical charts (e.g. urethral strictures or meatal stenosis).
Sexual Function
Six patients in the TPIT Group and 10 patients in the Distal Group were excluded from the IIEF analysis because they reported no (attempted) intercourse in the previous 4 weeks. Based on the IIEF, the sexual outcomes of the TPIT Group were similar to those in the Distal Group and Control Group; except for a lower 'Orgasmic Function' score (Table 5 ). In all groups the most reported was low sexual desire. In addition, although the TPIT Group more often reported a weak ejaculation (four of nine patients vs 11%), this was not associated with the 'Orgasmic Function' scores (q 0.34, P = 0.40) or any other IIEF domain. Sexual milestones were reached at an older age in the TPIT Group compared to the Distal Group.
Cosmesis
Cosmetic outcomes were generally good in the TPIT group and similar to those in the Distal Group (Table 6 ). TPIT patients more often had a ventral curvature >30°or a mild penile torsion compared to patients in the Distal Group. The TPIT Group reported lower satisfaction with penile appearance and penile length compared to the distal group. Satisfaction with penile length was also lower compared to the control group (126/147 controls were satisfied vs three of the 12 TPIT patients, P < 0.01). TPIT patients had a shorter stretched penile length compared to the Distal Group, at a median (IQR) of 10.1 (9.0-12.4) vs 12.7 (11.2-13.8) cm (P < 0.01). A greater stretched penile length was associated with increased satisfaction with penile length (q 0.41, P < 0.05). 
Discussion
This is the first study to report post-pubertal long-term outcomes of a TPIT for proximal hypospadias regarding all goals of hypospadias surgery. Urinary function, sexual function and cosmetic outcomes were generally good when compared to patients with distal hypospadias and to healthy controls. The outcomes are particularly satisfying considering that these TPIT patients (proximal hypospadias patients lacking a sound urethral plate) represent a challenging group within the hypospadias spectrum.
Complication Rate
Although the overall complication rate of patients with proximal hypospadias is high, it is similar to the long-term rates (range 32-68%) reported in a review on proximal hypospadias [13] . Long-term studies always tend to be on the higher end of complication rates, due to better patient compliance with complications, and a longer lead time. Complication rates were statistically similar in both our TPIT and Distal groups, except for a recurrent curvature in two patients at age 17 years. This similarity is remarkable and is probably caused by the high complication rate in the Distal Group, probably due to the techniques used at that time. In the TPIT Group, most complications developed within the first year and comprised of mainly TPIT repairs; these developed later in the Distal Group, as also reported by others [4, 18] . Preoperative testosterone showed no association with the complication rate or the timing of the first complication. In our present study, four of the 12 TPIT patients had no complications during follow-up and were treated with one single surgery; those who had complications needed two (median) additional surgeries. Castagnetti et al. [3] also reported that one-third of patients can be corrected with a single surgery; however, unplanned procedures occurred more often in the TPIT group. Despite the more frequent unplanned surgeries in one-stage repairs, the total number of surgeries to achieve success was similar in both one-and two-stage repairs [3, 6, 19] . Thus, parents need to be informed that proximal hypospadias can be successfully reconstructed with a single-stage TPIT in one-third of patients. However, this is associated with increased risk of unplanned (rather than planned) operations compared to the two-stage repairs.
Micturition
The urinary symptoms in the TPIT Group were similar to those in both the Distal and Controls groups. TPIT patients had a lower Q max than the control group; however, it is questionable whether this difference is clinically relevant, as urinary symptoms scores were low and the median Q max was ≥15 mL/s. Our TPIT Group had a higher Q max compared to previously reported outcomes of TPIT patients (mean 17.3 mL/s, median 15.4 mL/s) [20, 21] . The reported amelioration in flow might continue after puberty and might explain the higher median Q max in our older patients at follow-up [20, 21] . Surprisingly, a higher proportion of the TPIT patients had a plateau-shaped flow curve. Hypothetically, these obstructive patterns in TPIT patients reflect a relatively increased resistance in the (long) neourethra, or its inability to expand compared to a native urethra. Poiseuille's Law states that the resistance to flow is Table 4 Outcomes of patients with TPIT compared to patients with distal hypospadias and compared to the control group of male medical students with no urological history.
Urinary function
TPIT Group (n = 12)
Distal Group (n = 42) proportional to the length of the tube, and the flow is inversely proportional to the fourth power of the radius of the tube. Thus, a longer neourethra with a slightly reduced diameter might have a measurable effect on uroflowmetry. As we did not routinely perform urethrography or cystoscopy, urethral strictures at the time of uroflowmetry were not excluded with certainty. Hueber et al. [20] reported moderate prepubertal flow rates that improved towards puberty, indicating that long-term evaluation is advised to reliably evaluate outcomes in this group.
Sexual Function
Sexual function after puberty is rarely investigated in patients with proximal hypospadias [3] . We found similar results in the TPIP patients and the patients with distal hypospadias, except for orgasmic function. Because of the low number of eligible TPIT patients (six), these results have to be interpreted with caution.
Erectile dysfunction (ED) was reported by two of six TPIT patients; this is similar to the 40% reported in proximal hypospadias [22, 23] . Because 34% of the controls also reported ED and the majority had low scores of sexual desire, intercourse satisfaction, and overall satisfaction, the question arises whether the IIEF is valid in this age group [24] . Orgasmic function and ejaculatory dysfunction were worse in the TPIT Group, but similar to two-staged repairs (40%) [25] . Hypothetically, the neourethra lacks support of the corpus spongiosum and its contractility, causing weak ejaculation or, equivalent to the Q max , reduced ejaculatory function is due to a slightly reduced urethral diameter. No association was found between ejaculatory function, insensitivity of the glans, and orgasmic function. Also, our present patients reached sexual milestones at a similar age as patients with a twostaged repairs and Dutch adolescents aged 12-24 years [26, 27] .
Cosmesis
In TPIT patients, cosmesis was generally good at long-term follow-up, with up to 10 of the 12 satisfied with the different aspects of the PPPS. Others have also reported good long-term PPPS results in proximal hypospadias patients; however, these latter cosmetic results were based on telephone assessments [1, 28] . Our present TPIT patients had a smaller penile length compared to the Distal Group (consistent with earlier findings) and were less satisfied with penile length [29] . This result should be discussed with parents and patients with proximal hypospadias, as penile length is considered an important outcome of surgery [30] .
Comments
The present retrospective cohort study has the inherent drawbacks associated with this methodology: selection bias is possible considering the response rate of 50%. The TPIT Group was relatively small, increasing the risk for selection bias; however, with 12/21 TPIT patients participating, there was no clear selective non-response of TPIT patients. Nevertheless, the small groups make the present study underpowered to detect significant differences and caution is required when drawing conclusions. Nonetheless, data on long-term outcomes of these rarely occurring and challenging patients with proximal hypospadias are scarce and the present study provides some insight into postpubertal results. Continuous data: median (IQR), analysis done with Mann-Whitney U-test. Categorical data: number of patients (percentage of total); analysis done with Fisher's exact test. PPPS1, meatal position well above the corona and a slit-like meatus reflects a very satisfying result; PPPS2, normal shape of the glans and no scarring reflects a very satisfying result; PPPS3, no scarring or irregularity of the penis reflects a very satisfying result; PPPS 4, a normal penile appearance similar to a circumcised male reflects a very satisfying result.
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Conclusion
Patients with a proximal hypospadias and ventral curvature, with deficient urethral plate, have good long-term results when operated with a one-stage TPIT. One-third of our present TPIT patients needed one surgery only for successful repair, whereas the others needed two (median) additional repairs. Urinary function, sexual function, and cosmesis were similar to patients with distal hypospadias and controls. To be able to decide more effectively between one-or two-stage techniques, additional long-term results are required.
